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.1 . Improvements Relating to Glass 
. 2 ' 

•3 The present Invention relates to improved ballistic 

4 and blast- and hurricane-resistant optically -| 

5 transparent composite materials involving glass- 


6 


7 There have been many suggestions for ^'bullet-proof" 

8 and ^'blast-proof" transparent windows and the like, 

9 either for civilian purposes such as for use in 

10 ' aircraft, or for military purposes, especially 

11 protection against enemy and terrorist attack. 

12 However, with the developing threat from 

13 international terrorism and events such as those of 

14 September 11 2001, many governments and major 

15 organisations are re-appraising their security 

16 requirements. High velocity weapons and better 

17 explosives stre increasingly available. to terrorists . 
.18 and the like.. Whilst tJraditionaa -^bullet-proof ' . 

V; 19. 'glass/'wili still b^- required;- there now ah--* 

; 2p;- vv need ' f pr\ certain key insta,llat ions > . , 


1 -protected against a higher level of threat than 

2' ' " previously cbnsi'der^d/necessary * . • • z:^.-.. 

.3. .. . r ..; - . / •/..-^ ' : ■ 

• 4 Where pure optibalV transmission for a window is not ' 

5 ...a necessity, /.there are many available materials. 

6 - having high ^strength and impact resistance. 

7 However, where optical transparency of ^normal' 

'8 . . windows and. glazing is* desired, e.g. for military. 

9 base houses and offices,* current forms of glazing 

10 are only adequate for protection against low 

11 velocity bullets (e*g. from small aanns) , and low 

12 . levels of blast. Most current forms of ^bullet 

13 proof glass use several layers of glass bonded by 

14 adhesive polymer film. The energy of the projectile 

15 is dissipated over increasingly large areas of 

16 blast. To some extent the projectile can be 

17 . deformed or fragmented and can be deviated from the 

18 original line of attack. The energy is directed 

19 towards a direction different to the previous path, 

20 resulting in further dissipation of energy, e.g. as 

21 shown in figure 1. 

22 • 

23 Typical design solutions involve either glass/glass 

24 combinations or glass/polycarbonate (PC) 

25 combination. The latter offer an advantage in that 

26 they are lighter than the. former, but they often 

27 have delamination problems. The effect of bpnding . 

28 of. PC to glass is ^Iso- difficult as PC has a 

29 ^substantially-^ higher rate of thermal expansion than * 
30./.. • ...glas.s . . This .causes, high, stress levels- in the - . • 
31;- bonding. intei;layer;/during temperature "change 
32^..:- — often leads?^dei^£hatW/^-j5^ ■■/rl^''- V'^r^S 


s 


. ^. ; v V- • '.lA 'yr. V si. • 
. • • *•."- • 


V^'. v v:'-vr^^^ . • . l-,)^.-rThe ; PC-; designs;. are* often ^complex'-.,; .particular as ♦ \ / .V 
V-' " v- V* 2 ;.; .•;*^he.-leyel of protection, required increases. The * 

■ . • '*'-3\'^:|';}V'^^^^^^^^ layers •ican' 'fcause profclems With . optical- *. ; ' * * 

' 4;. interference .and^ because 


■.•■.•■"■"•■9. 

y,. vio 
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■■■> ■■"29-r-' 

!,-'■•■'■■• ■■ ••'"i'.-', 

. • 31 . 


secondary image 
of " the .number, of " giasis'/P^ interfaces*; There may • - 
also : be /weight, of thickness limitations prisventing • 
their use in particular applications. This is shown 
in the f dllowing tablesV^^': ^ ' ' * . 


Weapon type& 
. . .Calibre 

aass 

Design 

Thick 
ness 
(mnn) 

Weight 
(kg/m*) 

Trans- .. 
' mittance 

HandGun ■ 
' 9minLuger ' 

BR2/C1 

6>PC523-12-ESG6 

35 

.47 

-1 ■ . ^ 

Rifle 
0.223 
(5.56*45)hc 

BR5/C3 

8>6*PC6*6>PC6 

8zpc8>6-li- 
62PC8>3-20-ESG6 

39 
82 

71 

■• '"95 ■ . 

'■'i 64 

■ ■ ■^ 7 

- Rifle 
0.308 
C7.62*51) 

BR6/C4 

828263PC6263PC6 

8>PC8*3-12- 
102PC8>3-20-ES66 

49 
85 

93 
102 

? 

? 

Rifle 
0.308 
C7.62*51)hc 

BR7/C5 

628>82PC8-20- 
628282PC8 


. 143 

58 


'uiS56654'56 discbiss'el^ the introduction 'b glass fibres ": ' 

;"^:;.andcglass . ribbohs.:.;.intdy tra^ but , '^v.j'V/ \'' 

. as-'lt . states ^ .the.. introduction^* 6 fibres into- .....'V.:. •..* "*,*. 


1 : an optically - transparent polymer destroys the ... 
. Z;-" .transparency pf the polymer « ■ . 

4 , • US5665450 cohaidiers that the introduction of glass 
. 5 .. ribbons provide, a higher degree of optical clarity • 
6 and lower level of distortion than glass fibres... 
7- • ' However the" photographs in US5665450 indicating, the 

8 • degree of optical clarity of fibre and ribbon- 

9 reinforced materials still show distortion even 

10 based on photographic reproduction of relatively 

11 indistinctive photographs. Figure 7 shows 

12 percentage like transmission as a function of 

13 temperature and wavelength. However, it can be seen 

14 that the percentage transmission barely gets above 

15 80% at the lowest temperature and highest wavelength 

16 measured. The lowest temperature measured is at 

17 30**C/ which is also not a temperature generally 

18 encounted in many countries on a regular basis. It 

19 is interesting that the percentage transmission in 

20 US5665450 was not measured at more temperate or 

21 freezing temperatures. Moreover, 80% optical 

22 transmission is very poor in comparison with the 

23 expectancy of ^normal' glass, which should be at 

24 least 90% at all temperatures. It is appreciated 

2 5 that the human eye can easily recognise or perceive 
2 6 a less than 100% optical, transmission of light 
27' ' through a. '^transparent' material. 

' 28- ' ' 

> - 29 In essence; therie iS' a requirement for an optically 

•.'•'x 30-_^^j:y.;cV.^^ about or at.;;-' 

31 / vl'-r.i^.^st 90%; bptical transmission over * a range of 
.^^;?.;32Vs?';;'-^^^^ r' including ' .belcw. OfC/it'iand; also; ablen:;'feo:r- 


.1, 


•v/•>:i^n•?^•■--^;^^':'••••i^••■.. 
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.y Aocordin^ to ohe aspect oiC the present invention, • 
// there is provided an bpticailly transparent composite ' 
niatieria! -compfisi one glass/resin/glass v * ; 

iamiriatiori, wherein ''th4 resin: is a PRR material 
having optical fibre-reihfdrcement^ therein. 


. The . term ^^PRR'^ refers to Vpoiycarbonate replacement-: ' 
resins', a range of materials provided by Chemetall. 
GmbH of Frankfurt/ Germany, and generally defined. in 
their . International Patent Application No WO 
01/38 087A11 . The PRR materials are a range of 
transparent cast resins that can consist of reactive 
acrylate and methacrylate monomers, acrylate and 
methacrylate oligomers, bonding agents and, . 
initiators. The content of WO 01/38087A1 defining 
these materials is incorporated herein by way of 
reference. 


•v. 


The term ^^PRR" also extends to similarly provided 
polyurethane resins, often termed ^^PUR". 

A range of commonly available PRR materials are sold 
under the trade name Naftloian®. The Naftlolan . 

s /materials .are .provided^:^ a range of different . • 
formulations to provide slightly different 
' properties'. 'A list of 'product data o£ certain 



1 . PRR inateriala have been found to .have several 
,'2;[\-i^''d^ dvet. previously usec^^jibriro^ -.^^ •.t^v• • 

"3./ /.vlamination 1-ayers. • Firstly, the refractive index 'of ' 

4 *• . .'PRR'm very closely with many types 

5 .•. '. of: glass. Secondly, PRR mateifials have, been found /. 

6 to; expand and contract at very close rates with that 

7 of glass," thus leading to minimal if ever cracking 

8 or delamination .(due to internal stress) during any 

9 " thermal expansion and contraction of the composite 
10. material. Thirdly, PRR materials are relatively • 

11 very easy to use and set in transparent composite 

12 materials, especially compared with processes of 

13 curing previously used types of polymers and resins. 

14 They are also useable in designs incorporating 

15 cpmplex curves. 
16 

17 Because PRR materials have a co-efficient of 

18 expansion and contraction very close to glass, these 

19 materials are usable to provide optically 

20 transparent composite materials with glass over a 

21 much greater range of temperatures than, e.g. that 

22 shown in US5665450. In particular, the present 
2 3 invention is designed to provide a ballistic- 

24 resistant optically transparent composite material 

25 which is usable at temperatures even as low as -15®C 

26 to -40 generally -20*^C, e.g. the temperature of 

27 windows in military installations in certain 
28' • countries such as.. Canada, as well- as .temperatures ■ 
29- • . going up to 30®C to AO^Cy such' as the temperature of • 

' :...'yi4:J}^P^^ -.'^^ more tropical, countries...'; ..To .that extent.,; :.;... 
31;'.- the difference in • cq-ef ficifency of glass, sxxch\sL3' k^}'•' 


m 


;r; v^;^^^^^ normal;, 'silica-based }g PRR ragteritalisv*. . . 

=v ; >7;->;V' V deviates..' little over a- 'wi-ide" teinperatute rangeC^^^^^ * i - ' 


'4, Table ' 4 iiereihafter ' lists the refractive, indices- of 


•'*^l'^' :f:'.^:-^\'5' • ' a number of i^esins, * including -a number, of- the: • 


:;;6 . Naftoian range/ indicating their close riefractive 
index to- that of glass '.in general. ' . ' 

';9^ . ' in general/' the refractive . index of* the* PRR" 
lO ; : . ;;.^^m^ ireadiiy ; 

11..* available types of glass^ such- as a silica-based. . 

12 glass, that the optical transparency of the 

13 composite material of the present invention is as 

14 good as that from any current glass/glass or 

...... ^y. 

15 glass/PC laminations, . . . -i^: 


16 

17 The fibre reinforcement in the PRR layer of the . 

18 • composite material of the present invention can be 


19 provided by any know type of fibre material"/ being '^^ 

20 for instance in the form of filaments/ or in the- 

21 form of particles such as beads / or even powders, as 

22 long as such fibre material wholly or very 

23 substantially has the same refractive index as glass 

24 across all or most the wavelengths of optical light. 

25 Such glass fibres are well known in the art/ one 

26 , such , available product being sold under the trade . 

27 ;....; name .Tyglas by. Fothergill' .Engineered Fabrics. 

28* . ' 'T ' . 

29''-'' The fibre 'reinforcement provide the PRR ifi t e rihedi at ie 


''■^•'■r^^?^^;}^: ^0 laiyefrviwitJTr? improved becausa'-^of . their /well ' ;.MV.h-- .../'ir'i'i:,^ 

•: -i^^X'^-''^ 31 '.. known ability' to laterally tr^hsiait. impact- en * * ' 

^A#^v^''^ f4ean:whiie^^^:^PRIt^^ materi ' > X'^iy':^:. 


1 , . . as..a resin to band the. fibre material fillers 

2 • because of their similar co-efficient* of thermal 

3 expansion and adhesive strength 'tp glass. . 


5 In the present invention, • the thickness of the glass 

6 ' and PRR layers, and the density of fibre • 

1 reinforcement in the PRR layer, can vary according 

8 to the qualities of the final composite material 

9 desired. Cost and physical properties are factors 

10 in considering, the thickness of the layers. One 

11 known ratio of thickness is glass/PRR/glass of 

12 6/20/4inm; this is provided by way of example only. 
13 

14 Indeed, a major facet of PRR material is that its 

15 strength is independent of its thickness. Many 

16 types of resins and adhesives only have strength for 

17 a minimal thickness, as their use is to bond 

18 together the layers (e.g. of glass) on each side, 

19 rather than provide any inherent strength of their 

20 own right. PRR has been found not only to provide 

21 good bonding to glass, but also have internal 

22 strength in its own right. The thickness of the PRR 

23 layer is therefore independent of the thickness of 

24 the glass layers either side. 
25 

26 The nature of '^^high velocity ballistic protection'' 

27 can be. defined in general terms as the.difference ' 

28 between a hand gun and. a rifle, e.g. ,?bove a NATO 

29 ■' 5. 56- or 7'. 62inin ball'.- ■■ ■ 


31 
32 


1 According to a second aspect of tlie pjpfesent ." 

2 - .-• ■. iriventioti.;' there', is^' pa^ovideid a process. 'fdi^. rf^^ • < 


PRR Itnat'er^ with the' optical .fibre-re 

and allowing, the *coinbi*n^ti6nj;to cure and .selt between 

the two layers of glass. 

Further information on the curing of PRR resins may 

be 'found- in. WO 0^^ ^ ' " 

^Meanwhile/ inc2feasing power and . sophistication of • 
explosive-technology, m^ans that •'^blast-proof 
.optically transparent material is also desired 
having increasing strength. In this regard, it is'/; 
now generally desired to provide blast-resistant 
optically transparent material haying the . ability tql 
withstand a blast p£ 500kg TNT or equivalent at . 4.0m.' 

. . • ' * *t ' 

US patent No 3953630 discloses a laminated > 
transparent assembly suitable for use as a 
windscrfeen for a high speed vehicle wherein high 
strength flexible material is embedded in a plastic 
material, laid between two layers of glass- The 
flexible material extends beyond the transparent 
assembly, so as to be directly conjoined with the 
structure of the vehicle. Thus, as any blast causes 
deformation of the transparent assembly (as part of. 
the impact' absorption) the .high, strength flexible , 
material provides a direct • bond between the vehicle . 
structure bolts and the transparent assembly, " 
.hopeifuiry.^ resisting;; complete .-sepa^^ of ^ * 

the two arid travel of 'the ■ transparent asseitibly'^ into 

the- VehlClev'-'- " • - •••r* • • .•.v..-; • 


■ 1 . • .:. . .. 

• " 2 -^wis^ tfli^ 'iisfe oif *• 

• • 3 .p^yyihylbutyral the plastic/, layered to 

4 provide*, the bonding between the glass sheets , and the 

-. 5 flexible. material." In addition, manufacture of the 

6 transparent assembly in US3953630 requires an 

7 altering of the conventional laminating technique, 

■ 8. in order- to provide good bonding between a nximber of 

9' PVB sheets, and the glass. This requires* pxe-' 

.10 heating treatment, insertion, of the full assembly . 

11 including glass sheets in a closed bag to evacuate 

12 all air, followed by heating in a autoclave with 

13 high pressure. This method of manufacture has not 

14 lent itself to cost-efficient production for a 

15 number of transparent assemblies, other than for" the 

16 very special uses such as our aircraft windscreens 

17 as mentioned. 
18^ 

19 Moreover, PVB in particular is a material only 

20 designed to provide good bonding between glass 

21 layers. It is typically only l-2mm thick. Further 

22 thickness of layer is not desired, as PVB has little 

23 internal strength in its own right. 
24 

25 * In a third aspect of the present invention, there is 

26 provided a laminated optically transparent assembly 
21 comprising at least one glass/resin/glass 

28 lamination, and having one or, more high tensile , 

. ' 29 strength - flexible material reinforcement- pieces . 

.......... 30 . . extending laterally from, the resin layer.;. to. provide. 

•-■ 31 increased attachment assembly to' a- surround, " 

32- • ^>•:V^•erel^lVt^ '^-vVi'-;^'.-'... ; ; ■• •.'•>';i 


.''5^ /'V . •.. / i*.* * • 


':^j:':'';'y':'''2^^^Sr''PRR ma.teri'als-''are those= ais . defined herein' above. .As 
• W aV\ the- greater similarity of refractive- 'iiii'd^^ 
v4r\ . and corefficient of. thermal expansion of '.PRR • 
■ 5^ - material to- giassv' the 'PRR- f lexible material, and ■ 
' 6^" ;...E^RR-glass bonding, has been found to be superior to* 
^7 .that of prior materials such as PVB. 


. 9 ; Meanwhile/ the assembly of the present . invention • 

\ 10 : :;still:.p degree of. flexibility desired for 

11' a blast-resistant window, with the reinforced 

* 12. attachment of the window to the surround; such as 

13 * the window rebate of frame. ' ■ 

14 • : . : 

15 The high tensile strength flexible material may be;^* 

is similar to that disclosed in US3953630, i-e. woven'V 

. »• * 

17 . fabric or woven glass fibre material or polyester J*^-, . 

■ . • •• . _ 

18 fibre material. . One. such product is Kevlar®. ' 

19 ^ :^ 

20 Preferably, the flexible material extends wholly or 

21 substantially 'around opposites sides of the complete 

22 transparent assembly, to provide flexibility of 

23 attachment to the surround.* 
24 

25 • As for the ballistic-resistant material described 

• ' 26 ' hereinabove, the thickness of the glass and resin 

27:..!;./,.^. .layers of .the blast-resistant assembly can. follow . 
2.8 ' those well known 'in the art. One suitable dimension 
' ' :2'9 ''^ giass/resiri/glass in ;'4m glass, 4rrun PER arid 


•C^^ .'/^v/r'^'^v. . ;^ X : • • • •v^••.^;s•. : 

... 1 The., thickness of the.. PRR. layer can indeecj be up to 

•.•.v-:i>;<:^.:.|;^v-i^ 40-sto"i:hick^ PliRlias-:'if^ stit6ngth 

• 3. independ.ent of thickness- as mentioned- above. • To* 

y"; - 4. that Extent; the PRR* material can be as' thick and 

...'..:/• 5. therefore as strong as desired, as all the strength 

. ; .6 . from a blast is taken by. the resin (whilst any glass 

, 7- • shatters). 

9 • The ability to provide a PRR layisr of any thickheS3 

10 ; provides a further benefit, 
11 

12 Thus, according to a forth aspect of the present 

13 invention, there is provided 'a blast-resistant 

14 composite material comprising at least one layer of 

15 PRR material having at least one* reinforcement piece 

16 extending wholly or substantially across the PRR 

17 layer. 

18 . . 

19 Preferably, the reinforcement piece is a series of 

20 strips of bars or other reinforcement means, more 

21 preferably forming a grid or grid-like structure 

22 wholly or substantially across the composite 

23 material. 
24 

2 5 The PRR material is that as defined hereinabove. 

2 6 The reinforcement piece can be one or more of woven 

. 27 rovin, webbing; webbing ma.terial or even metal 

28 material... The use of a metallic grid provides the 

. 29 . ...... same; eff ept as.- a .""'muntin'^-' system which uses metallic 

./•riv .;'^^ . . reinforcement grid alpngside a glazing...j>anel.,.. but 

' :\;3l not actual iy t^^^ invention:'* 

-l ' ••c.f''? .'^? f "'^^•^^ll^.f^ same.r^ ^f f ect. a^d\^,"strei^^ as;" a. - 


4 ' 


. ^.^^^^^fvV.:. l".' va^ muntiri- §ystem>; but as , a'^ne ':piec^* assembly., 'rthereby , . 

' • ■ reducing assembly and installatiori. 

' :y y\A ^^'\ prie blast-resistance is a'chiey^dr because (the PRR * 
'^.rr-r-y-} ^Sir^r-'^'layex can kxe^any thickness desired; e,g.l.' up to 40- - 

. : f6 . \50nm which is able to accoiranddate. reinforcement 
• i '.. -^ 7 V . pieces, whereas previous resins were not' able to " - 
. . 8. * . . Achieve such" thickness, and thereby accommodate . 
- 9 . \ reihfdfcfement . therein; . ' . 

^,••■•£..^■•10:;• ; . , . . ; .* . "[ir^^' -.. . • ■ •^ 

11 . The. benefit of achieving reinforcement within the 

12 PRR material is that, each ^section' created by the-. 

13 reinforcement piece or pieces, e.g. each small * 

14 * ' section within the grid,, can be regarded as havingj 

15 its own frame, as thus regarded as a separate ' 

.'*•"'. ' • ' ' * »•'** *' 

16 section in terms of analysis against, blast. As is*** 

17 well known in . the art, the blast-resistance of a 

18 . small section is greater than that of a large 

19 section. By dividing the composite panel into a "V 

20 number of small sections, significant* blast- 

21 resistance is achieved* 
22 

23 It is noted that the optical transparency of blast- 

24 resistant panels using the muntin system is not as 

25 important as that described for other aspects of the 
. 26 present invention, so that the comparative 

27; "refractive- index .^^^^ not * as important as that as 

/' 28 described above in relation to othier aspects of the ' . . 

\ 29' " 'present invention.- • • •••• 

, //; 3.1 it wiil be' recogrii-sed by these-, skilled ih; the .art* 


C.,. , .... . ....... .. . ..• 

> . 1 • used ito provide hurricane or the like resistance, • 

'^'^■;^:r^2''\ and tHais ,'t^^^ iiiventicin ' is' extende^^^ 
. ...^ • 3 Embodiments of the present, invention will now be- 

4 ' .described by* way of example dnly and with reference 

5 .to the accompanying drawings in which.: 

6 • • • .. . ' ^ 

7 Figure 1 is schematic cross-sectional view of the 

8 impact o£ a projectile against a current multi-glass 

9 laminated window pane; 

10 - ... 

11 Figure 2 is a cross-sectional view of a optically 

12 transparent composite material according to one 

13 embodiment of the present invention; 
14 

15 Figure 3 is a laminated pptically transparent 

16 assembly according to a second embodiment of the. 

17 present invention. 

18 . - ' 

19 As previously mentioned, figure 1 shows how the 

20 energy of a projectile is dissipated over 

21 increasingly large areas of glass of a known glass 

22 PC lamination pane, leading to a large area of glass 

23 shattered from the left hand side. 
24 

25 Figure 2 shows a optically transparent composite 

2 6 material 2 comprising a glass/resin/glass 

27 lamination,. . Within the PRR resin layer 4 are a 

".28 series of traditional fibre glass woven rovings 6. 

■ . . -To produce-vthe material,, .the- rovings 6 we.re secured . 

• 31 between two " p^^^ glass 8,^; and the PRli' resiri 4 ':\ 
. .^-r ' 'i^'^^X-^' ' '.^sis-, inj ect^'d^^into/.- cavity ;/ reslrivi 4- * f l^p^ up.'- 


• • ■ ' ■• - !.Cr : ■ . > • " '■ 

.. • "•^^^^ .4ns.ide of the glassv.8;. dnd- disperses: through • the 

'4 ; ••■-'••VV-' *-V ' •.. • .'''^••■'•^^•r^ ■ .'"l-o'^Vv/^ 

..S. .5 -. Figure. 3 sHci.ws". a blas^hiresis'tant ' assembly^ i'O.'.^.m^ 

^ _ a wall 12 . . Between th^ two- panes of 'glass . 14 , • a 

. 7" 2 inch wide unidirectional glass 'fibre ' woveh roving 

•■ 8 ■ 16 was' bonded into the same PRR res^^ 18 ^is ' . 

9 .' mentioned above i The cbmplete 'asseinbl^ 

10 ...located in the rebate, of a window frame 20, and the. 

11 roving reinforcement, material 16' fixed to the frame 

12 20 by adhesive, and also by means of a lateral bolt 

13 ■2.2." .'. 

" . ■ ■ • . V 

15 The assembly 10 was tested in a Haniisfield 20k-w 

16 tensometer. Loads in access of 8000N were applied-? 

17 before the fibre woven 16 broke. Considerably 'K 

18 greater loads could be achieved with the use of 

19 thicker fibres or different types of fibres. it 
20 

21 The present invention provides ballistic-resistant 

22 and blast-resistant assemblies providing protection 

23 against much higher levels of protection from high 

24 velocity weapons and explosives than currently known 

25 with current forms of glazing. Production of the 

26 assemblies is also comparatively simple and cost 

27 .effective, compared to previous types of similar 

28 assemblies, which used, less * suitable polymiers and' 
.29. ■. ^ .plastic- materials: ••• ^^ • ^ ; • ' ^ ::;';:> • 
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